Introduction
Tooth enamel is the most mineralized, and the hardest, of all substances in the human body. It is composed of 96 wt% of mineral content combined with 4 wt% of organic material and water 1, 2 . The mineral phase is generally referred to as calcium hydroxyapatite. The tightly packed, hexagonal, needleshaped crystallites of the hydroxyapatite are arranged into prisms 1 . Crystallites within the prism head run parallel to the rod direction, while their angle with respect to the rod direction increases to reach angles as high as 60• within the tail. Orientation of prisms in the enamel is not homogeneous; in permanent teeth they are vertical at the cusp tip or incisal edge, then become oblique toward the middle part of the occlusal surface and are aligned towards the root in the cervical region 3 . The mechanical properties of enamel and its high resistance to mastication forces are attributed to this complex structure 4, 5 . The enamel exhibits a variable thickness over the tooth surface, often being the thickest at the incisal edge and cusp tips of molars and premolars, up to 2.5 mm; and is thinnest where it meets the cementum at the cementoenamel junction. At the cervical area of teeth, as well as at the pits and fissures of the tooth, there is a surface of aprismatic layer of enamel cups or polishing brushes, are used in combination with a paste containing abrasives such as pumice, silica, and zirconium silicate 19 . Sandblasting has also been proposed for enamel cleaning 20 . It has been shown that the use of the polishing brush causes greater enamel loss than that of the rubber cup, while no difference was found among the various slurries. An initial prophylaxis using a bristle brush for 10-30 seconds per tooth can abrade away as much as 10.7-14.38 μm of enamel, compared with the 1.07-6.9 μm that can be lost when a rubber cup is used 9, 12, 19 . In vivo studies have demonstrated that enamel cleaning prior to etching has no effect on the shear bond strength or the rates of bracket failure significantly, regardless if conventional resin or resin-modified glass ionomer bonding systems are used 21, 22 . Consequently, it has been recommended that enamel prophylaxis could be omitted, in order to avoid enamel scratching and loss. However, in the case where self-etching primers are used, enamel cleaning prior to etching could be beneficial in order to increase the bond strength 5, 11, 12, 18 .
Enamel etching
During etching the degree of depth penetration of the acid into enamel depends on the type and concentration of the acid, the duration of the etching, and the chemical composition of the enamel surface 2, 10, 23 . Traditionally, the surface of enamel has been prepared by etching with orthophosphoric acid at concentrations ranging from 30% to 50% for 15 to 90 seconds, which has proved to remove enamel of thickness from 1.11 to 20 μm, respectively 5,9-12,24-28 . One effect due to etching with phosphoric acid comprises the dissolution of the hydroxyl apatite of the enamel leading to demineralization of the uppermost layer of enamel. A selective dissolution of either the enamel prism cores or boundaries and the creation of microporosity of the enamel surface, varying in depth from 10 to 80 μm is also caused by phosphoric acid. However, it has been detected that tag formation may extend down to depths of 100 to 170 μm in porous etched enamel 5,10, [27] [28] [29] [30] . In order to control excessive enamel loss, maleic and polyacrylic acids, and selfetching primers have been applied as alternatives to phosphoric acid 31 . Self-etching primers have proved to affect more slightly the enamel structure, but reduce bond strength, but to a clinically accepted level 5, [32] [33] . Due to the weak bond with enamel, less residual resin cement remaining on the teeth was observed and low risk of enamel micro-fractures at debonding, when self-etching primers were used 5,11,27,29,32-34 .
Enamel defects caused by debonding procedures

Enamel fractures caused during bracket removal
Debonding is used to remove the existing attachment and the adhesive resin from the tooth in order to restore the surface as nearly as possible to its pretreatment with thickness of 20-30 μm. This surface layer of enamel is harder and more resistant to dissolution and often has a higher mineral content and lower water content than the subsurface enamel 6 , and to contain a greater proportion of fluoride than deeper zones 4, 7 . Despite this, therapeutic procedures performed in the course of orthodontic treatment may cause irreversible physical damage to outermost enamel 2 .
During orthodontic treatment, loss of enamel or topographic changes comprising cracks, scarring and scratches may occur 8 . Stages of therapy associated with potential damage to enamel include cleaning with abrasives prior to the application of an acid etchant, acid etching, bracket removal, mechanical removal of composite remnants with rotary instruments and the rebonding of failed brackets 2,9-13 . Additional enamel loss may be caused as a result of intentional enamel reduction; a procedure is commonly applied in cases where space is required for aligning the teeth in situations of moderate crowding and correct tooth size discrepancies 14 . Moreover, common complications encountered during orthodontic treatment include the demineralization of enamel and formation of white spot lesions due to the accumulation of plaque on the fixed orthodontic appliances, together with the discolouration of enamel, or enamel wear due to its contact with the brackets of the opposing teeth 2, [15] [16] [17] .
The aim of the present investigation was to present the stages of orthodontic therapy associated with potential damage to enamel and discuss the possible complications of orthodontic treatment on the integrity of enamel by means of a critical review of the relevant literature.
Material and Methods
An electronic search of MEDLINE-PubMed database was carried out up to and including February 2015. The search included all types of publications. The search terms that were used included each stage of orthodontic treatment associated with potential enamel damage. Both in vitro and in vivo studies were included in this review. The papers resulting from this search were used as a further source for relevant articles. significantly reduced. Another advantage is that they provide easier clean up after debonding than conventional orthodontic adhesives [50] [51] [52] . The mean level of enamel loss after cleaning and finishing the enamel surface of the teeth bonded with resin-modified glass polyalkenoate cements was 22.8 μm 53 .
Zarinnia et al. 39 compared the efficacy of three bracket removing instruments; the How plier, the ligature cutter, and a bracket removing plier and found that the bracket removing plier consistently produced a separation at the bracket-resin interface and left the enamel surface intact 36, [54] [55] [56] . The use of Weingart pliers proved inappropriate for bracket removal, as it is associated with enamel stress and micro-cracks 57 . Arici and Minors 56 reported that the forces required to initiate debonding of ceramic brackets are related to the contact area between the tips of the pliers and the adhesive. This can be minimized by either using pointed plier tips or placing a conventional pair of debonding pliers diagonally opposite to the corners of the bracket, in order to protect the enamel surface from extensive forces. In a study comparing the enamel fractures locations and incidence in different debonding load modes, findings from scanning electronic microscopy and mechanical testing showed no significant difference in sizes and incidences of enamel fractures produced, regardless if tension, shear or torsion forces were exerted. The enamel fractures locations coincided with the areas where these three debonding forces were exerted 58 .
Metal brackets can be debonded relatively ease by applying forces to peel the bracket base away from the tooth. Most often, forces that squeeze the bracket at the base result in bond failure at the adhesive-bracket interface, with most of the adhesive remaining on the enamel surface after debonding, constituting a safer procedure for enamel 5, 8, 38, [59] [60] . One possible reason is that the tendency of stainless steel brackets to flex when the debonding pliers are used may dissipate the debonding forces, thereby protecting the enamel 61 . The debonding and removal of ceramic brackets have attracted particular attention because of the potential for enamel fracture, flaking and enamel cracks, and the increased risk of pulp damage. The attachment between ceramic brackets and the adhesive have aided by increasing mechanical retention using indentations or recesses in the bracket base or by coating the ceramic bracket base with an intermediate layed of glass and then using a silane coupler that form a chemical bond between the bracket and the adhesive 5, 26, 46 . Many authors have asserted that chemical retention brackets produce significantly higher bond strengths than brackets with mechanical retention or mechanical retention with polymer base, thus entailing damage risks for the enamel surface 26, 54, 59, 61, 62 . Nevertheless, the strength of adhesion between the resin and the ceramic bracket base has reached a point where the commonest site of bond fracture during debonding condition. The process of debonding involves several factors. The most important among these are the type of bracket and adhesive used, the instruments employed for bracket removal, and the armamentarium for resin removal 9-10, [35] [36] [37] [38] [39] [40] .
The ideal method of orthodontic bracket bonding should ensure sufficient bond strength to satisfactorily retain orthodontic brackets, resist the forces of mastication and the stress due to the arch wires and simultaneously allow bracket debonding without resulting in damage to the enamel surface 2 . Various studies have suggested that the bond strength should range from 2.8 to 12.75 MPa as this would be adequate for clinical situations as well as preventing damage to the enamel during debonding [41] [42] [43] [44] .
The procedure for debonding a bracket from a tooth carries the risk of iatrogenic damage to the surface of the enamel. Bond failure can take several forms: between the bracket and the adhesive; within the body of the adhesive itself; or between the surface of the tooth and the adhesive, or may involve a combination of these modes 45 . There are two perspectives on the amount of adhesive left on the tooth surface after debonding. From one point of view, the failure at bracket-adhesive interface leaving the adhesive resin mainly on the enamel surface reduces the probability of enamel fracture, however this carries the disadvantage of requiring the mechanical removal of the residual adhesive after debonding. On the other hand, the failure at enamel-adhesive resin interface, leaving much less adhesive left on the enamel surface reduces the degree of clean-up required while increasing the possibility of damage to the enamel. When adhesion failure occurs between the adhesive resin and the enamel surface occurs, there is an inevitable degree of enamel loss due to the micromechanical bond between the composite resin bonding agent and the acid-etched enamel 46 . However, it needs to be borne in mind that enamel fracture and crazing is certain to occur when debonding forces exceed the mechanical strength of the enamel 2 . Enamel breakouts after debonding were detected in 10.5-33% of cases with mean depth of 44.9-100 μm 10, [46] [47] [48] .
Resin-modified glass cements have been used progressively as orthodontic bonding agents in recent years. A factor encouraging their use as orthodontic bonding agents is the ability not only to release fluoride, but also the possibility to eliminate enamel loss following orthodontic treatment 12, 28, 49 . Resin modified glass ionomer cements were shown to produce lower, but clinically acceptable bond strengths. Summers et al. 50 found that the survival rates of resin-modified glass ionomers after 1.3 years were similar with those of conventional composite adhesive, and concluded that resin-modified glass ionomers were able to provide adequate bond strengths clinically [51] [52] . Resin modified glass ionomer cements demonstrated greater incidence of enamel-adhesive failure, but minimal enamel damage since the level of force needed to cause bond failure was the least amount of scarring clinically. According to Albuquerque et al. 76 a 32-fluted tungsten carbide bur at high speed provided the best enamel roughness results. The use of a 12-fluted tungsten carbide finishing bur at high speed with adequate air cooling, finishing with graded medium, fine and superfine Sof-Lex discs at low speed, and a final finishing with a rubber cup and Zircate paste was recommended by Retief and Denys 36 and Zarinnia et al 39 . Other authors, however, suggested using tungsten carbide burs at high speed with water spray instead of air cooling 67, 74, 75, 77 .
In contrast, many authors found in scanning electron microscopy studies that the use of high speed tungsten carbide burs after debonding is damaging the enamel surface due to the degree of enamel loss and the creation of large pits and facets also causing significant enamel loss 9, 11, 12, 35, 63, 78 .
It has been reported that the use of diamond finishing bur to remove adhesive remnants after debonding caused severe roughness, as pits, scratches and grooves with superimposed abrasion marks on the enamel surface were visible both clinically and in scanning electron micrographs 36, 37, 67, 74 .
Remnant removal with hand scalers, adhesive removing pliers, stainless steel finishing burs, ultrasonic scalers, Er:YAG laser, Sof-Lex aluminum oxide finishing disks, Shofu tips or rubber cup with Zircate paste proved to be insufficient, in spite of progressive decrease in the surface irregularities, because they leave much residual adhesive on enamel surface while causing great enamel loss 9, 11, 39, 67, 71, 72, [76] [77] [78] [79] .
Different polishing methods, such as hand instruments, sandpaper disks, green rubber wheels, silicon or aluminum oxide discs and pumicing, slightly smoothened the rough surfaces obtained after adhesive removal, but they could not entirely remove the deeper scratches or gouges left by tungsten carbide burs, ultrafine diamond burs and Er:YAG laser 35, 37, 48, 67, 68, 72, 80 . SEM studies confirmed that no method eliminated all the irregularities left after the bonding/debonding of brackets 37, 40, 60, 68, 76 . The most effective polishing is achieved with Sof-Lex disks, which restore the enamel closer to its original roughness 39, 77 . Employing final polishing with a rubber cup and Zircate paste was found to be essential in reducing the abrasive marks induced by the rotary instruments 9,24,39 . In theory, scratches and grooves have the potential to contribute to plaque accumulation, enamel discoloration and demineralization through bacterial activity 15, 24, 37, 81, 82, 83 . Although restoration of a relatively smooth surface while preserving the topographic qualities of the enamel is the key to a successful debonding procedure, adequate clean-up without enamel loss and restoration of the enamel to its original roughness is difficult to achieve, suggesting an irreversible effect on enamel texture 9,10, 35, 37, 48, 68, 73, 74, 80 .
has moved from the bracket base-adhesive interface to the enamel-adhesive interface, thus increasing the frequency of enamel cracks, or the length of the resulting cracks following debonding 10, 38, 59, 63, 64 . The numerous studies evaluating the bond strengths of ceramic brackets have shown significantly stronger bond strengths, with more frequent failures at the enamel/adhesive interface compared with conventional metal brackets 26, 38, 62, 64, 65 . In addition, the rigidness and brittleness of ceramic brackets which exclude bracket deformation when shearing forces are applied, may support the increased incidence of enamel cracks when debonding ceramic brackets 26, 38, 66 . It has been reported that 18-40% of teeth showed increased number of severity in enamel cracks following the debonding of ceramic brackets 38, 55 . Some studies, however, do not show statistically significant difference in bond strength and number or length of cracks between ceramic and metal brackets 46 .
Mechanical removal of composite remnants with rotary instruments
Although the primary goal in orthodontic treatment is to return the enamel surface to its original state following the removal of orthodontic attachments, the mechanical removal of any remaining composite after debonding has proved detrimental to the enamel surface, causing a significant amount of enamel loss and irreversible enamel damage. The presence of prominent areas or grooves on the tooth surface can contribute to enamel staining and plaque accumulation which may cause esthetic concerns and enamel demineralization 67 .
After completing the adhesive removal procedures following debonding, it has been estimated that 14.3-160 μm of enamel surface may be removed dependening on the method applied 10,11, 13, 24, 25, 40, 63, 68 . The need to find an efficient and safe method of adhesive resin removal following debonding produced the introduction of a wide array of instruments and procedures including manual removal using hand scalers or band removing pliers, tungsten carbide burs with a 8-to 32-fluted configuration for low or high speed hand pieces, Sof-Lex disks, and special composite finishing systems with zirconia paste or slurry pumice, as well as ultrasonic and laser applications 12,67,69 .
Tungsten carbide burs used at low speed followed by pumice and/or polishing cups have been recommended for resin removal not only because they produce the finest scratch pattern with the least enamel loss of 7.4 μm, but also due to the superior accessibility to different developmental irregularities and other difficult-to-reach areas 5, 35, 37, 40, 67, 70, 71 .
Other authors recommended the use of tungsten carbide burs at high speed 39, 67, [72] [73] [74] [75] [76] . Campbell 74 reported that the use of 30-fluted tungsten carbide burs in high speed hand-piece was the most efficient modality for removing resin remnants after debonding and produced from the incisors, 0.3-0.5 mm from the canines and 0.5-0.6 mm from posterior teeth of upper or lower jaw [96] [97] [98] [99] [100] [101] .
Following stripping, the surface properties of enamel are altered, with significant changes in roughness, something which may lead to plaque accumulation and increase the susceptibility of proximal enamel surfaces to demineralization and dental caries 93, 98 . Review of the available literature shows that smoother enamel surface is obtained with the use of diamond-coated discs or strips or 8-straight blade tungsten carbide burs, followed by polishing with Sof-lex discs. Enamel reduction with 37% orthophosphoric acid or rotary instruments at high speed without surface polishing induces severe enamel irregularity 86, 89, 90, 92, 93, 96, 97 . Many studies with scanning electron microscopy demonstrated that, regardless of the polishing and finishing method amplied, furrows of 10-30 μm depth remain on enamel surface, leading to plaque retention and enamel demineralization 87, 91, 92, 94, 96 . Other authors supported that polishing enamel after stripping achieved similar morphological characteristics and smoothness as intact enamel 86, 90, 93, 96 . It is generally believed that these lesions will recover at some extent through natural remineralization with saliva even in a period of 1-9 months after the orthodontic appliances removal and oral hygiene is restored. The processes of natural wear and attrition that produce a smooth surface around the contact point may also play a significant role 17, 87, 92 .
Although irregularities remained after stripping which might facilitate plaque and bacteria retention and caries development, there is no inevitability about this becoming a clinically significant event. Many follow-up studies indicate that there is not a significant relationship between enamel stripping and development of interproximal caries on anterior or posterior teeth, for a study period of 1-10 years following the application of the technique 17, 94 .
Significant preventive measures are good oral hygiene, regular prophylactic checkups for caries and fluoride application 86, 88, 92 . Many authors have suggested the application of fluoride containing products immediately after stripping in order to prevent further mineral loss and promote remineralization 14, 86, 87, 91 . It is necessary, however, to conduct further long-term researches to study the association of interproximal enamel reduction to demineralization and caries susceptibility.
Enamel demineralization-white spot lesions
Demineralization is a frequent side effect associated with fixed appliance orthodontic treatment 2, 49 . The components of the appliances and the bonding materials promote the retention of food particles, plaque accumulation and bacterial colonization, especially Streptococcus mutans and Lactobacillus 28 , by impeding access to the
Rebonding of failed brackets
Bracket failure constitutes another frequently occurring undesirable problem during treatment. This usually results from either of parafunctional forces exerted by the patient, or from poor bonding technique 2 .
Some degree of enamel scarring after rebonding procedures is unavoidable but this can be minimized by the use of right protocol. Tungsten carbide burs used at low speed with adequate air cooling possibly comprise the best method to produce an acceptable enamel surface and provides good rebond strength 71 .
In the study of Thompson and Way 19 a progressive degree of enamel loss was observed after three consecutive bondings/debondings when prophylaxes using a bristle brush or a rubber cup with prophylactic paste followed by etching were used between bonds. While initial enamel loss was estimated from 10.8 to 15.8 μm, after repeated bonding/debonding, the values for total enamel loss ranged from 45.4 to 71.5 μm.
Intentional enamel reduction (stripping)
Stripping is commonly used in cases requiring additional space to align the teeth where there is moderate crowding and to correct tooth size discrepancies, as well 12, 84 . There is, in addition, a newly introduced treatment technique using transparent aligners without the employment of conventional orthodontic appliances for moving teeth, indicating that the frequency of stripping in routine orthodontic practice may increase as a method of generating space enamel reduction 12 .
Several methods utilizing mechanical or chemical means, or a combination of both, have been presented as safe and effective methods of choice for enamel reduction [85] [86] [87] . Thus, the use of perforated diamondcoated discs, diamond or tungsten carbide burs utilized in conjunction with air-rotor or micromotor handpieces, diamond-coated strips adapted to handpieces or manually used have all been proposed. Acid etching of enamel by means of 37% orthophosphoric acid can be used in combination with mechanical stripping, to enable faster stripping procedures 87, 88 .
Stripping leaves a relatively rough enamel surface and must be indispensably followed by polishing in every stage, which restores appropriate anatomical form to the tooth and reduces roughness of the interproximal surfaces 86, 88, 89, 90 . For this purpose there have been utilized fine and ultrafine Sof-lex discs, cattle disks or fine pumice media, polishing strips used in handpiece or manually or fine and ultrafine diamond burs may assist the operator in achieving a smooth contact area, which will presumably prevent excessive plaque accumulation 85, 91, 92 . Various authors have deemed a reduction by 50% of the original enamel coat to be acceptable [93] [94] [95] . It has been suggested that reduction should not exceed 0.2-0.5 mm of surface spot lesions may be reduced 111, 120, 124, 125, 131 . Fluoride therapy can reduce the enamel solubility, control plaque activity through blocking bacterial enzyme systems, and assist in the enamel remineralization 102 . Several studies have shown that the natural remineralization through saliva, as well as the combination of daily brushing with a fluoridated dentifrice, coupled with daily or weekly rinsing with a 0.05% or 0.2% sodium fluoride mouthrinse respectively, will provide complete protection for the orthodontic patient by inhibiting demineralization, or by promoting remineralization, of surfaces at risk 111 .
After debonding white spot lesions may regress depending on the severity of the lesions 102, 110 . A period of 2-6 months should be allowed for the remineralisation of the lesion by the effect of saliva 49, 111, 112 . If it appears that the capacity of the saliva is insufficient to effect spontaneous remineralization, then fluoride supplementation should be applied. Although high-dose fluoride (20,000-25,000ppm) is effective, best practice dictates the frequent application of low doses similar to those in toothpastes (1000-1500 ppm) or fluoride mouthwashes, such as 0.05% sodium fluoride daily rinse or 0.2% sodium fluoride weekly rinse and topical fluoride agents in the form of solutions, varnishes or gels 102, 103, 111 . Casein phosphopeptide amorphous calcium phosphate is another agent that attracted attention because of its its anticariogenic mechanism. This involves the incorporation of the nanocomplexes into the dental plaque and thus, onto the tooth surface, where they act as a calcium and phosphate reservoir 78, 113 . The localized casein phosphopeptide amorphous calcium phosphate nanocomplexes subsequently act as buffer to the free calcium and phosphate ions in the plaque fluid, and maintain a state of supersaturation of amorphous calcium phosphate with respect to enamel mineral, so that enamel demineralization is constrained and remineralization is enhanced 112, 113 .
Enamel color alteration after the orthodontic treatment
Several studies clearly indicate that after comprehensive orthodontic treatment with fixed appliances the colour of natural teeth can be subjected to a number of changes. This undesirable effect proved to be inevitable due to the irreversible nature of enamel microstructural modifications associated with bonding and debonding procedures 15 .
Apart from the permanent iatrogenic enamel effects associated with bonding, debonding, and cleaning procedures, the exogenous and endogenous discoloration of the remaining adhesive material and the dental and pulp tissue alterations related to orthodontic tooth movement may also play a role to enamel discoloration 16, 82 .
Exogenous discoloration of adhesive remnants may arise from the superficial absorption of color pigmentation tooth surfaces for cleaning. Decalcifications in the form of white spot lesions appear frequently in orthodontic patients as small lines along the bracket periphery and in a few patients as large decalcifications with or without cavitations 102 .
The incidence rate of enamel decalcification in orthodontic patients ranges from 2% to 96% and it is mainly caused by pH changes in the oral environment that favor the diffusion of calcium and phosphate ions out of enamel [103] [104] . It is reported that any tooth surface in the mouth can be affected with the common ones being the cervical and middle thirds of the crowns of maxillary lateral incisors, canines and molars and mandibular premolars and molars [103] [104] [105] . Accessibility to the free flow of saliva may be a major factor in avoiding decalcification of enamel. Due to the presence of major salivary glands and the easy access of saliva, the mandibular anterior portion is cleaned more rapidly than the maxillary portion, which, on the other hand, receives little saliva [104] [105] . No differences were found between the frequency of white spots lesions on teeth that were bonded or banded 125 . However, it remains controversial if there is a correlation between length of treatment and the incidence or number of white spot formations 105 .
The formation of white spot lesions is considered a precursor of enamel caries since it makes the area slightly softer than surrounding sound enamel 103 . Previous studies evaluating the mechanical and crystallographic characteristics of these incipient carious lesions have shown an approximate 10% reduction in the mineral content of the enamel involved. The reduction in the inorganic content of white spot lesions increases abrasion in vivo, making the risk of enamel loss during debonding procedures greater [106] [107] .
It has been suggested that demineralization can occur very rapidly in susceptible individuals, and visible white lesions may develop within the initial months of fixed appliance treatment and continue to appear at a slower rate later [107] [108] [109] [110] [111] . Postorthodontic white spot lesions are shown to decrease during the initial period after debonding. The clinical reduction or healing of white spot lesions observable after orthodontic treatment can be explained by the removal of the etiologic factor, i.e. the cariogenic plaque adhering to fixed orthodontic elements, combined with abrasion of the surface enamel during tooth brushing as well as remineralization [109] [110] .
Various methods have been tried to minimize the white spot lesions formation and incipient caries lesions associated with orthodontic treatment, the commonest of these to promote the formation of fluorapatite, since this aids in the remineralization of small decalcified lesions and causes a reduction in the formation of new lesions. If preventive measures, such as fluoride supplementation, balanced diet and good oral hygiene, are followed and maintained throughout the course of orthodontic treatment, then the number and size of white imposing a potential risk for enamel demineralization and formation of white spot lesions. Additional adverse effects of orthodontic treatment are enamel loss as a result of intentional enamel reduction, enamel discoloration or enamel wear from the brackets of the opposing teeth.
For all these reasons, every orthodontic practitioner should be cautious, follow the current guidelines as regarding the clinical management of enamel and make every effort to minimize enamel defects. Moreover, the patients have to follow a good oral hygiene regimen, and to undergo regular prophylactic checkups for demineralization and caries development. Under these circumstances orthodontic treatment can be a safe procedure for enamel structure. dental enamel. In: Dennis C, Williams DF. Biocampability of dental materials Volume I. of food dyes, colored mouth rinses, and plaque, while endogenous irreversible discolorations may be attributed to changes in the chemical structure of the adhesive material 82 . Moreover, enamel discoloration can be caused by the direct absorption of food colorants and products formed from the corrosion of the orthodontic appliance, even after orthodontic treatment 114 .
Enamel abrasion from brackets of the opposing teeth
Enamel surfaces can be abraded by contact with either metal or ceramic brackets of the opposing teeth 115 . The enamel abrasions frequently occur on upper canine tips, since the tip of the cusp strikes the lower canine brackets during retraction. It can also be observed on the incisal edges of upper anterior teeth when ceramic brackets have been positioned on lower incisors of a patient with increased overbite 2 . Douglass 116 observed enamel abrasion on the lingual surfaces of maxillary central incisors that were in contact with ceramic brackets placed on the facial surfaces of lower incisors, just six weeks after placement of the brackets.
Ceramic brackets tend to induce more enamel abrasion than stainless steel brackets with enamel volume loss as high as 1.3 mm. That is to be attributed to the extreme high hardness values of aluminum oxide composing ceramic brackets 115 . Cross bite should ideally be corrected before ceramic brackets are placed, so they do not come into occlusion to prevent enamel abrasion. In patients with deep bite, use of bite planes is recommended in order to minimize interference and the consequent danger of enamel abrasion 117 .
Conclusions
Therapeutic procedures performed as a part of orthodontic treatment may cause irreversible physical damage to enamel surface. Enamel loss occurs after etching and debonding procedures, with furrows and grooves remaining on enamel surface even after polishing, and when rebonding failed brackets. The concern over enamel alterations induced as a result of orthodontic therapy derives from the importance of the outermost layer of enamel attributed to its microhardness, higher mineral and fluoride content relative to deeper zones. Consequently, the loss of surface enamel and associated exposure of the enamel prism endings to the oral environment might cause a decrease in the resistance of enamel to the organic acids produced in plaque. This eventually makes enamel more prone to demineralization.
In addition, the fixed orthodontic appliances promote the retention of food particles, plaque accumulation and impede access to the tooth surfaces for cleaning, thus
